
SPECIAL TOPICS IN PHYSICAL CHEMISTRY : Mid Term Exam (Fall 2009)

1. Align the following lists in an increasing order of (a) size and (b) time. 
(a) [Bacteriophage, Red blood cell, Typical size of protein, E. coli, Diameter of viral capsid, 
bases, Diameter of nuclear pore, ribosome]  (5 pt)
(b) [bond vibration, E coli doubling time, animal lifespans, enzyme reaction, protein folding, 
protein synthesis]  (5 pt)

2. (a) Calculate the molar concentration of a protein X if a single protein X is found in an E. coli 
cell. (5 pt)
(b) How many protein Xs should be present in a yeast cell if the concentration of protein X in the 

yeast cell is identical to that of E. Coli cell ? (5 pt)
(c) In the physiological condition, the molar concentration of sodium ion is 150mM. How many 

sodium ions are present in E. Coli cell?  What is the mean spacing between these ions? (5 pt)  

3. (a) Calculate the diffusion coefficient (D) of a protein whose diameter is 5 nm in the unit of      
µm2/sec and estimate the time it takes for the protein to diffuse the distance of 10 cm (5 pt). 

(b) For molecular motors that hydrolyze ATP and move along the cytoskeletal filament with a 
speed of v = 1 µm/sec, how long does it take to reach the same distance? (5 pt)

(c) Write down the distances reached through (i) diffusion and (ii) directed motion as a function 
of time t. By using the results and parameters obtained in (a) and (b) calculate the moment 
when directed motion becomes more efficient than the diffusion.  (5 pt)

4. The figure shows the pattern of gene expression 
in the Drosophila embryo that has undergone 13 
cycles of cell division. Assuming that at this stage 
of the development all the cells after division lie 
on the surface of embryo, estimate the number of 
cells participating in each stripe. (10 pt) 

5. Estimate the protein synthesis rates of E. coli during a cell cycle by including the effect of 
protein degradation. For simplicity, assume that all proteins are degraded at the same rate with a 
half-life of 60 min and work out the number of ribosomes needed to produce the protein content 
of a new bacterium given that part of the synthesis is required for the replacement of degraded 
proteins. (15 pt)



6. RNA polymerase and ribosomes (20 pt)
(a) If RNA polymerase subunits β and β’ together constitute approximately 0.5 % of the total 

mass of protein in an E. coli cell, how many RNA polymerase molecules are there per cell, 
assuming each β and β’ subunit 
within the cell is found in a 
complete RNA polymerase 
molecule? The subunits have a 
mass of 150 kDa each. (5pt)
(b)Rifampin is an antibiotic 
used to treat Mycobacterium 
infections such as tuberculosis. 
It inhibits the initiation of 
transcription, but not the 
elongation of RNA transcripts. 
The time evolution of an E. coli 
ribosomal RNA (rRNA) operon 
after addition of rifampin is 
shown in the figure (A)-(C). An 
operon is a collection of genes 
transcribed as a single unit. Use 
the figure to estimate the rate of 
transcript elongation. Use the 
beginning of the “Christmas 
tree” morphology on the left of 
Figure (A) as the starting point 
for transcription. (5 pt)
(c) Using the calculated 
elongation rate estimate the 
frequency of initiation off of the 
rRNA operon. These genes are 

amongst the most transcribed in E. coli. (5 pt)
(d)  A typical E. coli cell has a division time of 3000 sec and contains 20,000 ribosomes. 

Assuming there is no ribosome degradation, how many RNA polymerase molecules must be 
synthesizing rRNA at any instant? What percentage of the RNA polymerase molecules in E. 
coli are involving in transcribing rRNA genes?  (5 pt)

7. Imagine that our DNA molecule has a total of N binding sites, Np of which are occupied by the 
protein of interest. Assuming that the binding energies when the proteins are bound 
nonspecifically are the same regardless of which nonspecific sites are occupied, calculate the 
entropy (S) of the system as a function of the ratio c=Np/N (Hint : Use Stirling approximation. 
log x!=x log x - x for x>>1). At what value of c does the S reach its maximum value?  (15 pt)
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